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Summary

The Project RACCOON software was developed to automatically generate PDB files for linear
polymers, polypeptides, and polymer peptide conjugates. Previously published software cannot
easily represent polypeptide strands with converging termini. Project RACCOON also offers
the advantage of combining multiple modeling resolutions within one system. Although this
software was explicitly developed for C2 symmetric polymer peptide conjugates introduced
by Otter et al. (2018) with the OPLS-AA/M force field, its application is not limited to this
molecule class. (Robertson et al., 2019; Sakae & Okamoto, 2010) PDB files can be created for
all polymers, polypeptides with natural and non-natural amino acids, and other macromolecules
combined with any force field.

Statement of need

Common software packages for generating the input structures of molecular dynamics sim-
ulations such as polyply or CHARMM-GUI are unsuitable for representing the class of C2
symmetric polymer peptide conjugates. (Grinewald et al., 2022; Jo et al., 2008) This class of
molecules is characterized by the convergence of two C-termini in the polypeptide sequences.
This represents a non-natural system and has not yet been implemented in the aforementioned
software packages. Modeling these sequences is straightforward and achievable for novice users
with Project RACCOON, as the flipping of N- and C-termini of amino acids is an integral part of
the software. Construction of the molecules is carried out in a building block fashion, allowing
the automatic import of natural and non-natural amino acid repeating units and synthetic
polymers. In addition, this modular approach offers the advantage of combining building blocks
with different resolutions (atomistic, united atom, and coarse-grained) in one molecule. This
is necessary to describe polymer peptide conjugates on hybrid scales. (Taylor & Jayaraman,
2020) The software presented here is an improved alternative to other options like polyply
because the generated files are directly available in the PDB standard format, which can be
processed and visualized by any cheminformatic software. Until now, the PDB format has been
used almost exclusively for proteins in the bioinformatics context. (Westbrook & Fitzgerald,
2003) However, this work shows that extending the PDB files to general macromolecules
simplifies and standardizes data processing. This software represents an important step towards
standardization and simplification in the field of cheminformatics and thus contributes to the
idea of the UNESCO Open Science Initiative. (UNESCO, 2021)
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Functionality and Extensibility

New monomers can be quickly and systematically added to the software. Each monomer is
assigned various properties such as the number of atoms, linkage points, and the geometry of
the monomer building block. This data is saved as a JSON file and can therefore be easily
imported, edited, and exported. (Van Rossum & Drake, 2009) The geometry of the monomer
building block can be obtained from vacuum energy-minimized structures or crystallographic
data. Bonds link all monomers together, which the user can also define, and are only limited by
the capacity of the force field used later to account for these bonds. Each atom is also assigned
an individual name, which serves as an identifier for the associated force field. Novice users
can utilize the automated import feature on molecular building blocks generated with software
like Avogadro 2. (Hanwell et al., 2012) Advanced users can import Project RACCOON into
their projects and use all functions for further future work, as the software can quickly adapt to
their needs. Functionality and stability were extensively verified with unit testing, resulting in
a code coverage of over 85%. Project RACCOON can enhance productivity and collaboration
for all users since one can build libraries of monomers and share them with others. It should
be noted, however, that the geometry is generated from a self-avoiding random walk and has
no physical justification. Parameters for this self-avoiding random walk can be chosen by the
user to obtain a pseudo phantom chain structure. Energy minimization steps and unrestricted
equilibration steps must be performed with suitable software in any case before using the model
in molecular dynamics simulations.
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